Abstract
Methods
Overall, 400 patients with gastric cancer who underwent surgery at Changhua Christian Hospital from January 2007 to December 2017 were included in the study. Univariate and multivariate analyses were performed to identify prognostic factors for gastric cancer-related death. Homogeneity and discrimination abilities of the two staging systems were compared using likelihood ratio chi-square test, linear trend chi-square test, Harrell's c-index, and bootstrap analysis.
Results
One-third of the LN-positive patients were reclassified into the new N and Stage system. The concordance rates of the two staging systems and the N staging between the two staging systems were 0.810 and 0.729, respectively. Harrell's c-indices for the stage and N staging were higher in the 7 th AJCC staging system than the hybrid staging system (c-index for a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Introduction
Gastric cancer incidence rates vary wildly between males and females and across different countries. [1, 2] The lifetime risk of gastric cancer is higher in Japan, Korea, and India; intermediate at approximately 3% in Eastern Europe, South America, and certain regions in Asia including parts of China and the Golestan Province in Iran; and low in other countries. [1, 2] The tumornode-metastasis (TNM) classification and staging system of the American Joint Committee on Cancer (AJCC) is the most important reference for accurate and reproducible staging of gastric cancer in daily practice, and periodic and reasonable revisions of the TNM staging system are made by the Union for International Cancer Control and the AJCC. [3, 4] More than half of patients with gastric cancer have lymph node (LN) metastasis at diagnosis or after surgery, with poor prognosis. [5] Before its 5 th edition, nodal (N) staging within the TNM classification was based on the anatomical extent of LN metastasis. [6] Starting with the 5 th AJCC edition, N staging has been based on the number of involved LNs [7, 8] and the anatomic extent of LN metastasis is no longer included. Unlike tumor (T) staging within the TNM classification, which relies on pathological assessment, harvesting LNs for N staging relies on surgical techniques. [9] The numeric N staging does not offer information on the anatomical extent of disease and does not represent the quality of LN dissection. [9, 10] For instance, D2 lymphadenectomy with dissection of perigastric and extraperigastric LNs, which is usually performed in the East and has been recently recommended in the West, provides more information on metastatic LNs compared with D1 resection. [11] Using data from Japan and Korea, Choi et al. [10] proposed a hybrid LN staging system, which demonstrated a prognostic performance equal to that of the 7 th edition of the TNM system. This new and simple staging system was proposed to be a reliable alternative to the current numeric-based system in an Italian study. [12] In this study, we compared the performance of the new N staging proposed by Choi et al. [10] and the 7 th edition of the AJCC staging system based on data from 400 Taiwanese patients with surgically treated gastric cancer at a single institution. We reclassified the cohort participants based on the new N staging to reach a new staging system we termed as the hybrid anatomy-based staging system and compared the predictive ability and prognostic performance of the two staging systems. patients were excluded because of (1) primary tumor location in cardia (n = 80), (2) surgery not performed (n = 443), (3) pathology other than adenocarcinoma (n = 191 cases), (4) presence of preoperative chemotherapy (n = 12), (5) surgery performed outside of a hospital (n = 94), (6) missing or incomplete data for T or N staging (n = 28), and (7) diagnosis of multiple cancers (n = 77). Finally, 400 patients were included in the study. Baseline data included demographic characteristics, including sex and age, and tumor characteristics including grade, tumor depth of invasion, regional LNs, pathologic staging per the 7 th AJCC edition, and the new N staging.
Methods

Patients
All patients were followed until March 15, 2018. Postoperative follow-up was for a minimum of 3-6 months for physical and laboratory evaluations and annually thereafter for up to 10 years after surgery or until death.
Reclassification based on the new N system
The patients were categorized based on the anatomical location of LNs into the perigastric and extraperigastric LN groups. Table 1) .
Statistical analysis
Majority of the statistical analyses were performed using SPSS statistical software (version 22.0; SPSS, Chicago, IL, USA). P values less than.05 were considered statistically significant. The Kaplan-Meier method was used to analyze time-dependent survival probabilities, and the The Cox proportional hazards model was used to evaluate the risk of mortality associated with the prognostic factors selected in the multivariate analysis of clinical parameters. Prognostic homogeneity was tested by the likelihood ratio chi-square test, and the linear trend chisquare analysis was used to assess the discrimination ability of the different editions of the staging system in patients with gastric cancer. A higher likelihood ratio chi-square value indicated better homogeneity of the staging scheme, and a higher linear trend chi-square likelihood ratio indicated a better discriminatory ability. Kappa values were determined to evaluate the degree of conformity between the two staging systems. To compare the prognostic performance of the staging systems, Harrell's c-index was used to measure their predictive accuracy in survival outcomes. [13, 14] The SAS statistical software (SAS Institute, Cary, NC, USA) was used to compare the prognostic performance of the hybrid anatomy-based staging and the 7 th edition of the AJCC staging for low-and high-grade cancers by bootstrap analysis, and mean values of differences with 95% confidence intervals were determined.
Results
Demographic data and survival of the patients
The demographic and clinical characteristics of 400 patients who underwent surgical resection for gastric cancer and met the inclusion criteria of the study are provided in Table 2 . The study included 248 (62%) males and 152 (38%) females. The mean age at diagnosis was 66.24 ± 12.29 (range, 24-96) years. The tumor depth of invasion was T1A, T1B, T2, T3, T4A, and T4B in 30 The relationship between the new staging system and the AJCC 7th system Comparison of the prognostic performance between the new hybrid staging system and the 7 th AJCC staging system
The prognostic performance of the 7 th AJCC and the hybrid staging systems were compared using Harrell's c-index (Table 4) (Table 5 ). However, regarding tumor grade (low [G1/G2] vs high [G3]), we found that the hybrid staging system performed better than the 7 th AJCC staging system in the low-grade group (G1/ G 2) with a higher Harrell's c-index, a high likelihood ratio, and a higher linear trend for both the N and the stage. Bootstrap analysis revealed that the performance of the new hybrid staging system was inferior to that of the 7 th AJCC staging system (p < .001) ( Table 6 ). However, further analysis with stratification of the cohort to the low-grade and high-grade groups revealed that the new hybrid staging system had a significantly improved performance in the low-grade group.
Discussion
In this retrospective study, we found that the hybrid anatomy-based staging system provided a better overall prognostic stratification than the 7 th AJCC staging system in patients with lower histological grade gastric cancer. In contrast with the previous studies by Choi et al. [10] and Gennaro et al., [12] both of which suggested that the hybrid anatomy-based staging system was better than the currently utilized 7 th AJCC staging system, our findings suggest that the tumor histological grade might play an important role and should be considered in this hybrid anatomy-based staging system to improve the homogeneity and the discriminatory ability of the current AJCC staging system. The AJCC TNM staging system is the global standard that guides clinical decision-making and prognostic prediction. Because of the geographic differences in incidence and mortality gastric cancer [13, 14] and variations in surgical techniques, the 7 th AJCC staging system based on data mainly from the US may be valid for a particular population [15, 16] but not equally applicable to other ethnic groups. [7, 17] The extent of LN metastasis was proven to be an important independent prognostic factor in gastric cancer [18] [19] [20] with the evolution of the N subset of the AJCC staging system. Compared with the previous editions, the 7 th edition strengthened the role of the number of positive LNs by subdividing the LN classes into 0, 2, 6 or more rather than the anatomical LN distribution. Several studies [8, 21] suggested that the N classification of the 7 th edition was not superior to the previous editions in evaluating the prognostic relevance of LN status, which may be related to the surgical techniques using limited lymphadenectomy (D1 lymphadenectomy) and the fewer number of LNs retrieved [8] in Western countries. With the trend to perform extended lymphadenectomy with more LNs harvested, patient outcomes have improved, [11, 19, 22] and more information regarding the LN status can be obtained for prognostic stratification of patients. [19] The anatomical information on LN metastasis in gastric cancer is important but not convenient for clinical use. [23] The hybrid approach utilized for LN staging by Choi et al . [10] using data from Japan and Korea was equivalent to the 7 th AJCC staging system in prognostic performance, suggesting the importance of the anatomical distribution of metastatic LNs. [6] The new N system utilized the anatomical involvement of LNs to categorize into the LC, GC, and EP groups, which is more straightforward than counting the number of retrieved LNs and the number of metastatic LNs utilized by the AJCC staging system (Table 1) . Considering the anatomical distribution of LN involvement is more straightforward than counting the number of retrieved LNs in the daily practice (Table 1) . For example, if the patient had three regional lymph node involvement would be classified as N2 in the AJCC 7 th system. The patient would be classified as N1 if all the nodes were belonged to same anatomical groups or N3 if they belonged to three different anatomical groups in the new anatomical location-based nodal staging. The different distribution of lymph node involvement may reflect the different behavior of the tumor and influence the performance of staging system. The current study comparing the performance of the proposed hybrid staging system and the 7 th AJCC staging system in patients with gastric cancer revealed that the hybrid staging system performed better only in patients with histologically low-grade cancer, suggesting that tumor histology may be important for prognostic stratification. The proportion of patients with high-grade cancer in the current cohort (72%) was different than those in studies from China (71.2%), [23] Korea (61%), [6] and Italy (40%). [12] A difference in the proportion of cancers based on tumor histology was reported to be associated with a difference in the pattern of LN metastasis, [24, 25] which may explain the inconsistent prognostic performance of different staging systems for gastric cancer.
The AJCC staging system is based on only clinical parameters, i.e., tumor size, LN status, and metastasis; thus, it may not perfectly reflect complex real-world patients with gastric cancer. Approaches for LN retrieval and evaluation are still evolving for the treatment of gastric cancer. [19] The number of retrieved LNs is associated with survival for LN-negative gastric cancer. [26, 27] Several modifications to the LN staging system, such as log odds of positive LNs, [28, 29] LN ratio, [30] and anatomical LN distribution, [23] were proposed to improve the AJCC N system. A modified T classification of gastric cancer into proximal non-diffuse, diffuse, and distal non-diffuse types based on Lauren's classification of gastric cancer was reported. [31, 32] The recent hybrid LN staging system [33] involves the least change to the AJCC system and is simple and attractive for clinical use. A Western study from Italy [12] including 284 gastric cancer patients suggested that the new hybrid classification was significantly correlated with tumor recurrence rate and displayed improved indices of prognostic performance. The current study results suggest that the new hybrid staging system might be applicable only for patients with histologically low-grade cancer, suggesting the need for consideration of the tumor biology [34] for further development of prognostic systems for specific patient populations.
The current study has several limitations. This was an observational study, and selection bias could not be denied. Additionally, not all patients with gastric cancer treated during the study period were included, mainly because of incomplete pathology records or limited follow-up information. The sample size was relatively small, and the study included one institution. Major strengths of the current study were that most of the surgeries were performed by two expert surgeons and the patients were managed by a multidisciplinary team at a hospital with uniform surgical techniques and postoperative care; however, additional larger-scale studies are still necessary before reaching stronger conclusions.
Conclusion
Despite its simplicity, the current study results suggest that the hybrid anatomy-based staging system developed by Choi et al. (10) 
